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LEGUME  INOCULATION  AND  THE  LITMUS 

REACTION  OF  SOILS. 


INTRODUCTIOlSr. 

A  better  understanding  of  the  conditions  which  affect  the  ability 
of  certain  nitrogen-fixing  bacteria  to  produce  nodules  upon  the  roots 
of  leguminous  plants  is  recognized  as  of  great  importance,  and  is 
especially  desired  in  connection  with  the  practical  inoculation  and 
cultivation  of  leguminous  crops.  Following  the  indications  previ- 
ously secured  concerning  soil  conditions  affecting  legume  inoculation^ 
a  more  extended  investigation  along  these  lines  has  been  in  progress. 
The  attempt  has  been  made  to  examine  many  different  soils  both  in 
the  field  and  by  samples,  with  a  view  to  correlating,  if  possible,  cer- 
tain of  their  characteristics  with  their  behavior  toward  the  growth 
of  legumes  and  the  nodule  bacteria  of  legumes.  Though  no  broadly 
comprehensive  results  have  as  yet  been  obtained,  and  perhaps  are 
not  to  be  expected,  some  interesting  data  have  been  secured.  The 
more  fundamental  problems  having  to  do  with  the  associative  action 
of  the  nodule-forming  organism  with  the  different  soil  bacterial 
floras  must  be  reserved  for  further  study. 

THE  LITMUS  REACTION  FOR  SOILS. 

Some  planters  believe  that  for  growing  legumes  the  best  soils  are 
those  which  either  turn  litmus  blue  or  have  no  action  upon  it. 
There  has  been  some  criticism,  however,  of  the  old-style  plan  of 
testing  soils  by  firmly  squeezing  strips  of  litmus  paper  against  samples 
of  the  soils,  and  there  are  undoubtedly  many  sources  of  error  in  this 
crude  technique  entirely  aside  from  the  question  of  the  proper  inter- 
pretation of  the  color  of  the  litmus.  In  this  office  a  method  has  been 
developed  that  is  free  from  some  of  the  objections  to  the  old  method, 
and  it  secures  a  fair  degree  of  consistency  in  technique. 

Samples  of  soil  are  taken  from  representative  areas  of  the  fields 
under  consideration,  and  their  reaction  is  tested  in  the  following  man- 
ner: Strips  of  neutral  litmus  paper  are  placed  in  the  bottom  of  a 
number  of  petri  dishes;  over  these  are  laid  four  thicknesses  of  filter 
paper  and  on  the  filter  paper  are  placed  the  soil  samples  to  be  tested. 

a  Kellerman,  Karl  F.,  and  Robinson,  T.  R.     Conditions  Affecting  Legume  Inocu- 
lation.    Bulletin  100,  pt.  8,  Bureau  of  Plant  Industry,  U.  S.  Dept.  of  Agriculture,  1907. 
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Just  enough  water  (tested  and  found  neutral)  is  added  to  saturate 
the  soil  on  the  filter  paper.  Covers  are  placed  on  the  petri  dishes, 
and  they  are  allowed  to  stand  for  one  hour.  A  check  petri  dish  con- 
taining onh^  litmus  paper  and  filter  paper  moistened  with  the  same 
water  is  allowed  to  stand  under  the  same  conditions. °  The  filter 
paper,  which  separates  the  soil  from  the  testing  paper,  gives  a  uni- 
formity of  background  and  evenness  of  contact,  and  it  also  allows 
the  litmus  paper  and  the  filter  paper  ^  be  checked  against  each  other 
alone,  and  this  procedure  enables  one  to  distinguish  very  delicate 
reactions.  Clean  white  blotting  paper  substituted  for  filter  paper 
gives  similar  results,  but  a  longer  time  is  required  for  the  soil  to  act 
upon  the  litmus  paper. 

RELATION  OF  LITMUS  REACTION  AND  LEGUME  INOCULATION. 

The  following  typical  example  will  show  the  relation  between  the 
soil  reaction  to  neutral  litmus  paper  and  the  growth  of  certain 
varieties  of  the  nodule  bacteria  of  legumes: 

On  two  tobacco  fields  near  Upper  Marlboro,  Md.,  vetch  was  sown 
in  the  fall  of  1906,  seed  having  been  inoculated  with  bacteria  in 
liquid  cultures  prepared  by  the  Bureau  of  Plant  Industry.  One  of 
these  fields  was  bottom  land,  the  other  upland.  In  the  spring  it 
was  found  that  the  vetch  on  the  bottom  land  had  made  a  very  poor 
growth  and  was  sickl}^  in  appearance.  An  examination  of  the  roots 
showed  an  entire  absence  of  nodules.  The  vetch  on  the  upland 
field  made  a  fair  growth  and  was  plentifully  supplied  with  root 
nodules.  Samples  tested  b\'  the  petri-dish  method  showed  at  once 
that  the  soil  from  the  bottom  land  reddened  the  litmus,  while  the 
upland  soil  blued  the  litmus;  the  check,  of  course,  remained  un- 
changed. 

Soil  extracts  from  each  field  were  prepared  b}"  leaching  100  grams 
of  soil  with  200  cubic  centimeters  of  distilled  water,  the  soils  being 

«A  modified  form  of  this  litmus  test  (using  materials  commonly  available)  gives 
results  which  agree  satisfactorily  with  the  petri-dish  and  filter-paper  combination. 
Litmus  paper  can  be  obtained  at  any  drug  store;  5  cents'  worth  will  be  sufficient 
for  making  several  tests.  Neutral  paper  in  strips  is  to  be  preferred;  blue  strips  may 
be  used.  The  paper  should  be  kept  in  a  tightly  stoppered  bottle  and  should  not  be 
touched  by  the  hands.  Use  forceps  or  a  pin  to  place  the  litmus  strip  in  position. 
Cut  out  disks  of  clean  white  blotting  paper  of  the  right  size  to  fit  tightly  in  the  bottom 
of  an  ordinary  drinking  glass,  or  tumbler.  Place  the  litmus  strip  in  the  bottom  of  the 
glass,  the  blotting  paper  over  this,  and  then  add  the  soil  to  be  tested.  Add  suffi- 
cient water  to  saturate  the  soil,  and  cover  the  glass  with  a  saucer.  At  the  same  time 
prepare  another  glass  in  the  same  way,  without  adding  the  soil.  This  "check"  will 
show  whether  the  water  or  the  blotting  paper  used  has  affected  the  litmus  paper. 
The  test  glasses  should  be  allowed  to  stand  at  least  two  hours;  the  color  of  the  litmus 
paper  against  a  clean  white  background  can  then  be  observed  through  the  bottom  of 
the  glass  without  disturbing  the  soil. 
[Cir.  71] 
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held  on  filter  paper.  The  resulting  filtrate  was  nearly  clear.  The 
extracts  were  then  tubed  and  sterilized.  In  the  case  of  the  soil 
which  reddened  litmus,  additional  extracts  w^ere  similarly  prepared 
after  adding  to  the  soil  before  leaching  a  small  quantity  of  (1)  air- 
slaked  lime  and  (2)  shell  marl.  The  tubes  of  sterilized  soil  extracts 
were  then  inoculated  with  a  vigorous  culture  of  the  vetch  organism 
and  platings  were  made  from  these  tubes  two  days  later.  The 
results  are  presented  in  Table  I. 

Table  I. — Growth  of  vetch  (Pseudomonas  radidcola)  culture  inoculated  into  soil  extracts 
without  treatment  and  also  after  the  addition  of  lime  and  marl. 


Effect  of  use  of  extract. 

No  treatment. 

Lime. 

Marl, 

Reddens  neutral  litmus 
paper. 

Blues  neutral  litmus  pa- 
per. 

500    to    1,000    colonies. 

Growth  slow. 
5,000  to  10,000  colonies. 

Growth  rapid. 

5,000  to  10,000  colonies. 
Growth  rapid. 

5,000  to  10,000  colonies. 
Growth  rapid. 

The  bottom  land  was  considered  the  more  fertile,  and  its  extract 
was  certainly  not  less  rich  in  food  material  for  the  bacteria  than  the 
extract  from  the  upland  soil,  but  it  would  seem  that  the  nature  of 
the  latter  soil  extract  was  more  favorable  to  the  growth  of  the  vetch 
organisms. 

With  alfalfa  the  red  reaction  and  inhibition  of  soil-extract  cultures 
is  commonly  obtained  w^here  no  nodules  are  found,  while  spots  in 
the  same  field  w^here  nodules  formed  and  the  plants  thrived  are 
invariably  found  to  give  either  a  blue  reaction  or  to  leave  the  color 
of  the  litmus  paper  unchanged,  and  the  extracts  are  favorable  to  the 
growth  of  specific  cultures. 

In  three  alfalfa  fields  in  the  same  region  as  the  vetch  previously 
referred  to,  examinations  were  made  of  spotted  areas,  soil  samples 
of  the  good  and  poor  portions  being  tested  by  the  litmus  method. 
A  red  litmus  reaction  was  shown  in  every  case  where  the  growth 
was  poor,  and  the  plants  upon  these  areas  were  always  devoid  of 
nodules,  while  no  reaction  was  obtained  from  the  good  portions  of 
the  field  where  nodules  were  found  upon  the  roots. 

Samples  of  soil  from  similar  ''spotted"  fields  have  been  received 
from  widely  separated  regions,  such  as  New  Jersey,  North  Carolina, 
and  Oregon;  those  from  the  successfully  inoculated  portions  invari- 
ably proved  neutral  or  blued  litmus,  while  the  soil  where  inoculation 
"failed  to  take"  reddened  litmus  in  every  case.  The  fact  that  such 
spots  exhibiting  different  reactions  to  litmus  occurred  in  close  prox- 
imity in  an  apparently  homogeneous  soil  suggests  that  the  microflora 
associated  with  the  organisms  which  form  nodules  upon  legumes 
may  bear  some  direct  or  causal  relation  to  the  reaction.  The  occur- 
rence of  these  adjacent  areas  giving  such  diverse  reactions  to  litmus 
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and  such  sharply  contrasted  growths  of  phmts  may,  however,  be  due 
to  inequahties  in  the  distribution  of  basic  soil  elements  which  react 
on  the  microflora. 

During  the  season  of  1908  soil  samples  were  submitted  from  plats 
or  fields  where  inoculation  experiments  were  in  progress,  and  over 
600  of  these  samples  from  all  parts  of  the  United  States  have  been 
tested  by  the  litmus-paper  petri-dish  method.  From  many  co- 
operators  we  have  as  yet  received  no  report  upon  the  results  of 
inoculating  with  pure  cultures.  Samples  from  garden  patches  in 
cities  were  discarded.  Rather  extensive  data  have  been  secured  upon 
the  inoculation  of  three  crops,  alfalfa,  vetch,  and  crimson  clover, 
growing  in  soils  reacting  differently  to  litmus.  While  scattering 
reports  are  on  file  regarding  red  clover,  Canada  field  peas,  and  soy 
beans,  they  are  too  few"  to  warrant  conclusions  at  the  present  time. 

An  arbitrary  standard  for  recording  the  results  of  these  litmus 
tests  has  been  determined  upon  as  follow^s:  Red  ==  rose-pink;"  faint 
pink  =  between  rose-pink  and  heliotrope-purple;"  unchanged  =  helio- 
trope-purple;  "  blue  =  flax-flower  blue." 

According  to  this  standard,  as  is  shown  in  Table  II,  soils  of  various 
types  and  from  various  regions,  but  all  giving  the  red  reaction  and 
not  limed  or  manured,  have  in  no  case  allowed  the  successful  inocula- 
tion of  alfalfa.  Almost  the  same  is  true  of  the  soils  giving  the  faint 
pink  reaction.  It  should  be  noted  that  the  successful  case  at  Timber 
Valley  is  perhaps  fundamentally  different  from  the  others  because  of 
the  difference  in  planting.     At  best,  the  success  is  but  25  per  cent. 

Those  soils  which  leave  the  color  of  the  litmus  strips  unchanged 
have  allowed  successful  inoculation  of  alfalfa  in  tw^enty  out  of  twenty- 
five  cases.     The  success  here  is  80  per  cent. 

Still  better  results  are  shown  in  soils  which  distinctly  blued  the 
litmus;  all  of  the  ten  cases  of  such  alfalfa  inoculation  are  successes. 

The  table  also  indicates  that  soils  which  redden  litmus  may  still 
allow  successful  inoculation  of  alfalfa  if  treated  with  lime  or  manure. 
Different  fields  are  reported  in  the  table,  and  there  is  therefore  a  pos- 
sibility that  conditions  aside  from  the  application  of  lime  or  manure 
determined  the  success  or  failure  of  inoculation.  From  a  careful 
study  of  the  table  in  question,  however,  the  inference  seems  unavoid- 
able that  liming  or  manuring  those  soils  which  redden  litmus  is  usually 
desirable^  from  the  standpoint  of  alfalfa  inoculation.  Unfortunately, 
at  the  present  time  there  is  no  laboratory  method  of  determining  how 

a  Ridgway,  Robert.     A  Nomenclature  of  Colors.     1886. 

&  Whether  it  is  always  desirable  to  apply  lime  or  manure  is  not  certain,  for  at  least 
in  some  cases  liming  or  manuring  did  not  prevent  soil  samples  from  reddening  litmus, 
yet  the  inoculation  of  the  field  was  successful.  Further  investigations  upon  this 
point,  as  well  as  upon  the  biological  changes  in  the  soil  brought  about  by  applications 
of  lime  or  manure,  must  be  left  for  future  work. 
[Cir.  71] 
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much  lime  or  how  much  manure  should  be  applied  to  a  given  field. 
Empirical  determinations,  such  as  must  be  made  in  each  region  for 
new  fertilizers,  are  the  only  reliable  guides. 

Table  II. — Relation  hetiveen  the  litmus  reaction  of  soil  and  the  inoculation  of  alfalfa  with 
pure  cultures  of  nodule  bacteria. 

LITMUS  REACTION  RED. 


Locality. 

Kind  of  soil. 

Result  of 
inocula- 
tion. 

Union  Star  Mo 

Marshall 

0 

Boaz,  Ala 

do 

0 

Laurel  Hill,  La 

Loess 

Cumberland  plateau  or  pure  limestone 

0 

Calhoun  Term 

0 

0 

0 

0 

Okemah,  Okla  .                     

0 

Bowling  Green,  Mo 

Marshall   . 

0 

Residual  or  loess 

0 

LITMUS  REACTION  FAINT  PINK. 


Susquehanna,  Pa 

Angola,  Ind 

Odenville,  Ala 

Timber  Valley,  Wash 


Volusia,  thin  glacial 
Miami  or  Marshall .  . 
Dekalb  or  limestone 
Prairie— 27  inches . . 


LITMUS  UNCHANGED. 


+ 

Mansfield,  Mo 

Mt.  Laurel,  Va 

Piedmont 

-f 

Philadelphia,  Pa 

Dekalb 

+ 

Forest  Hill,  Md 

Piedmont 

-|- 

Baxter,  Ark 

Alluvial 

+ 

Monroeville,  Ind.. 

Marshall     . .                                                            

4- 

Bel  \ir  Md 

Piedmont 

-|- 

..  ..do 

+ 

Fredonia,  N.  Y 

Dunkirk  or  Volusia     .                                              .   . 

-|- 

Colfax,  La 

+ 

New  Cambria,  Mo 

Marshall    ' 

4- 

+ 

Holly  Bluff,  Miss 

+ 

Derwood,  Md 

+ 

Union  City,  Pa. . . 

-f 

Bristow  Va 

Piedmont 

+ 

0 

0 

Kendallville  Ind 

Marshall 

0 

0 

Okemah,  Okla..     . 

0 

LITMUS  REACTION  BLUE. 


Putney,  Vt 

+ 

Elkridge,  Md. .. 

-}- 

Morris  Plains,  N.  J 

Thin  glacial 

-j- 

Brevard,  N .  C 

Piedmont  ( Porters) 

+ 

Goodloe,  Va 

Piedmont 

-}- 

Rienzi,  Miss 

Calcareous  prairie  (Houston) 

-f- 

Pamplin  City,  Va 

+ 

Bryanto^^'n,  Md  .. 

Coastal 

+ 

Sterling,  Ark 

+ 

a  Alfalfa  had  been  planted  five  years  before  and  the  stand  was  very  poor.    At  the  time  the  sample  was 
taken  the  field  was  inoculated  by  mixing  the  culture  Avith  soil,  and  in  a  part  of  the  field  it  was  harrowed  in= 
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Table  II. — Relation  between  the  litmus  reaction  of  soil  and  the  inoculation  of  alfalfa  with 
pure  cultures  of  nodule  bacteria — Continued. 


LITMUS  REACTION  RED;  LIMED. 


Locality. 

Kind  of  soil. 

Result  Df 

inociila- 

tion. 

Florence  X  J 

Sassafras 

Dekalb 

Coastal 

do 

-f- 

+ 

Dwight,  Ala                            

+ 

Tarboro,  X.  C 

+ 

Davis,  X  J 

do 

Citronelle,  \la 

.do 

+ 

Tarboro,  X.  C 

do 

+ 

Alilmav,  X.  J     .   .                

...do 

+ 

XJtica   Pa 

Dekalb  or  Volusia 

+ 

Connellsville   Pa 

Dekalb 

Thin  glacial 

-f- 

Rensselaer ville  X   Y 

-l- 

Coastal 

Marshall 

Coastal 

0 

Mendon  Mo 

0 

Vineland,  X.  J 

0 

LITMUS  REACTION  RED;  MANURED. 

Miami 

-f 

Edwards,  Miss 

Loess 

-f 

Columbia  Citv,  Ind 

Miami 

.do 

Lagrange  Ind 

Marshall  or  alluvial 

+ 

Albion,  Ind .                   

Miami 

+ 

Bordentown,  X.  J 

Sassafras  loam 

-f- 

The  inoculation  of  vetch,  while  apparently  bearing  some  relation 
to  the  litmus  reaction,  is  by  no  means  so  sharply  limited.  Consulting 
Table  III,  it  is  evident  that  successful  inoculation  is  to  be  expected 
upon  the  soils  which  leave  the  litmus  strips  unchanged  or  those  which 
blue  litmus  rather  than  upon  those  which  redden  litmus.  Expressed 
in  percentages,  the  successful  inoculations  which  were  obtained  are 
as  follows: 

Red  litmus  soils  allow 65  per  cent. 

Faint-pink  litmus  soils  allow 75  p6r  cent. 

Unchanged  litmus  soils  allow 66  per  cent. 

Blue  litmus  soils  allow 85  per  cent. 

Table  III. — Relation  beticeen  the  litmus  reaction  of  soil  and  the  inoculation  of  vetch 
with  pure  cultures  of  nodule  bacteria. 

LITMUS  REACTION  RED. 


Locality. 

Kind  of  soil. 

Result  of 
inocula- 
tion. 

Lexington,  S.  C 

Piedmont 

+ 

Fort  Payne,  Ala 

Pure  limestone  or  Dekalb 

-f 

Newnan,  (Ja 

Central  Piedmont 

-j- 

+ 

Gordo,  .Via.. 

Coastal  . 

+ 

Boaz,  -Ma 

Cumberland 

+ 

Hamilton,  Ga 

Piedmont. 

+ 

Columbia,  S.  C 

Coastal 

0 

do 

0 

Cli'vchind.  Ohio 

Volusia 

0 

0 
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Table  III. — Relation  between  the  litmus  reaction  of  soil  and  the  inoculation  of  vetch 
with  pure  cultures  of  nodule  bacteria — Continued. 

LITMUS  REACTION  FAINT  PINK. 


Locality. 

Kind  of  soil. 

Result  of 
inocula- 
tion. 

Honea  Path   S  C 

Central  Piedmont 

-I- 

Coastal 

+ 

Newton    \la 

do  -.   -. 

-l- 

Pineviiie,  La 

Aliuviai 

0 

LITMUS  UNCHANGED. 


Bandon,  Oreg 

Lawrenceville,  Ga. 
Shorter,  Ala 


Piedmont 

Edge  of  prairie. 


LITMUS  REACTION  BLUE. 


Arlington,  Cal 

Gainesville  Ga 

Pacific  coast  or  arid. . . 

+ 

Central  Piedmont 

-|- 

New  England 

+ 

\nniston,  \la 

Hagerstown. 

-f 

Columbia  S   C 

Coastal  or  Piedmont 

-|- 

Russellville,  Ala 

Hermiston,  Oreg 

Interrnountain .     .   . 

0 

In  dealing  with  crimson  clover,  it  seems  that  the  inoculation  of 
this  crop  bears  no  relation  to  the  litmus  reaction.  All  the  results 
are  very  similar,  though  it  must  be  admitted  that  the  data  in  regard 
to  the  blue  reaction  are  inadequate. 

Table  IY. — Relation  between  the  litmus  reaction  of  soil  and  the  inoculation  of  crimson 
clover  with  pure  cultures  of  nodule  bacteria. 

LITMUS  REACTION  RED. 


Locality. 

Kind  of  soil. 

Result  of 
inocula- 
tion. 

Loachapoka,  Ala 

Coastal. '. 

4- 

+ 

Hayesville,  N.  C. 

Dekalb  or  Porters 

-l- 

Jefierson,  Va 

Piedmont 

+ 

Silver  Hill,  Ala 

Coastal 

Russell,  Ala 

do... 

+ 

Sandy  Ridge,  N.  C 

+ 

Greenwood,  S.  C 

0 

Pineviiie,  La.. 

Coastal 

0 

LITMUS  REACTION  FAINT  PINK. 


Gatesville,  N.  C. 

+ 

Roseboro,  N.  C 

+ 

La  Grange,  N.  C 

-f- 

Durham,  N.  C 

-f- 

Cameron,  N.  C 

-1- 

Farmville,  N.  C 

+ 

Favetteville,  N.  C 

+ 

Green  Plain,  Va 

Coastal 

+ 

Petersburg,  Va 

+ 

Daughertv,  Va 

Coastal                                                               

+ 

Roxobel,  N.  C ' 

0 

Little  Rock,  Ark 

}    » 

tDekalb  alluvial 
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Table  IV. — Relation  between  the  litmus  reaction  of  soil  and  the  inoculation  of  crimson 
clover  with  pure  cultures  of  nodule  bacteria — Continued. 

LITMUS  UNCHANGED. 


Locality. 

Kind  of  soil. 

Result  of 
inocula- 
tion. 

Jamesville,  N.  C 

Ashboro,  N.  C 

-\- 

Richfield   N   C 

-l- 

Mississippi  flood  plain 

Avden.  N   C 

-f 

Ore  Bank,  Va 

Jefferson,  Va                                 

Piedmont 

Central  clay. 

+ 

Perka'^ie   Pa 

Dekalb...: 

0 

Russellville,  Ala 

0 

LITMUS  REACTION  BLUE. 


Hover,  Wash !  Semiarid. . 

Siloam,  Ga I  Piedmont. 


DISTRIBUTION  OF  SOILS  SUBMITTED  TO   THE  LITMUS  TEST. 

^ATiile  the  litmus  test  is  suggested  merely  as  an  empirical  one  in 
connection  with  legume  culture,  especially  in  the  selection  or  treat- 
ment of  fields  for  the  successful  growing  of  alfalfa  and  clovers,  it  is  of 
interest  to  note  the  relation  between  the  reactions  obtained  by  this 
method  and  the  range  of  annual  precipitation  represented  by  the  soils 
tested.  As  shown  in  Table  Y,  the  soils  were  grouped  as  from  (1)  semi- 
arid  regions  or  regions  of  deficient  rainfall;  (2)  regions  of  moderate 
rainfall;  and  (3)  humid  regions.  The  figures  represent  the  number 
of  samples  in  each  group  reacting  as  red  or  blue  to  litmus,  or  which 
produce  no  change. 

Table  V. — Reaction  of  soils  to  litmus,  the  soils  being  grouped  according  to  regions 
receiving  different  quantities  of  rainfall. 


Semiarid  regions.    Defi- 
cient rainfall. 

Prairie  regions.    Calcareous 
material,  forming    black 
soils.    Moderate  rainfall, 
20  to  40  inches. 

Humid  regions.    Excessive 
rainfall,    35    inches    and 
above. 

Red. 

Unchanged. 

Blue. 

Red. 

Unchanged. 

Blue. 

Red. 

Unchanged. 

Blue. 

4 

21 

36 

39 

48 

40 

305 

87 

28 

Of  the  4  semiarid  soils  showing  red  reaction  to  litmus,  3  came  from 
a  region  having  an  18-inch  rainfall;  of  the  28  humid  soils  showing 
blue  reaction  to  litmus,  17  were  of  the  Hagerstown  series,  formed  from 
pure  massive  limestone  and  therefore  often  having  sufficient  lime  in 
them  to  withstand  cultivation  and  the  leaching  effect  of  heavy  rainfall. 
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Exceptional  conditions  in  a  number  of  cases  accounted  for  a  reac- 
tion the  opposite  of  that  generally  produced  by  the  soil  type.  Garden 
soils,  greatly  improved  by  manure,  lime,  and  fertilizers,  have  usually 
shown  no  effect  upon  neutral  litmus  paper,  even  in  regions  where 
field  soils  commonly  cause  reddening  of  the  paper.  On  the  other 
hand,  samples  from  run-down  fields  testing  red  to  litmus  on  a  soil 
type  normally  reacting  blue  indicate  that  this  behavior  toward  litmus 
may  develop  from  systems  of  management.  Many  inoculation  tests 
are  made  on  soils  where  recent  experience  has  shown  that  ^^  something 
is  the  matter,"  inoculation  being  resorted  to  as  a  means  of  over- 
coming the  difficulty.  Where  the  difficulty,  or  a  part  of  it,  can  be 
located  by  the  reaction  of  the  soil  to  litmus  paper  the  first  step  has 
been  taken  toward  bringing  the  soil  into  such  a  condition  that  inocu- 
lation may  prove  effective  for  alfalfa  at  least,  and  perhaps  for  vetch. 

CONCLUSIONS. 

(1)  The  modified  petri-dish  method,  using  neutral  litmus  paper, 
gives  valuable  comparative  data  for  studying  legume  inoculation. 

(2)  Alfalfa  inoculation  is  most  inhibited  by  soils  which  redden 
litmus,  and  is  most  successful  in  soils  which  blue  litmus  or  in  those 
which  leave  the  litmus  paper  unchanged.  Crimson  clover  inoculation 
is  limited  little,  if  at  all,  by  soils  of  varying  litmus  reaction.  Vetch 
inoculation  seems  midw^a}^  between  that  of  alfalfa  and  that  of  crimson 
clover.  A  sharp  distinction  must  be  drawn  between  successful  inocu- 
lation and  successful  crop  production.  For  alfalfa  the  conditions  favor- 
ing successful  inoculation  seem  identical  with  those  favoring  the  alfalfa 
crop.  While  the  limitations  for  either  inoculation  or  crop  production 
with  vetch  are  less  sharply  drawn,  their  relationship  or  interdepend- 
ence is  perhaps  as  marked  as  with  alfalfa.  Crimson  clover,  on  the 
other  hand,  may  be  inoculated  even  on  soils  which  redden  litmus, 
yet  under  these  conditions  liming  or  manuring  is  often  of  great  benefit 
in  crop  production. 

Approved: 

James  Wilson, 

Secretary  of  Agriculture. 

Washington,  D.  C,  August  26,  1910. 
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